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SUMWRY AND CONCLUSIONS

The hypothesis tested was that high agreement among the ratings assigned the
same men by different raters does aol necessarily imply predictable ratings.

Ratings by three superior officers (Officers and Chief Petty Officers) of
100 submariners serving aboard 21 different submarines were divided into four
samples 30 as to achieve four levels of inter-rater agreement (.00, .69, .84 and
.94). Correlations were then computed within each sample between three predictor
variables (Submarine School Class Standing and the Navy General Classificacion
and Mechanical Aptitude Tests) and the mcan of the three ratings assigned to each
ratee,

The hypothesis was supported by the results. None of the six correlations
between the predicior variables and tke ratings for which the inter -rater agree-
ment estimates were high (.84 and .94) was significantly different from zero.
Four of the six correlations computed for the low agreement ratings (.00 and .69)
were significantly different from zero, one at the .01 level and three at the .05
1~vel,

It was concluded that high inter-rater agreement does not necessarily imply
predictability and may indicate a lack of it, Low agreement, on the other hand,

may in some cases indicate predictability and possibly validity.




THE PROBLEM

“hen ratings sre used as criterion measures, more "ultimate™ criteria of per-

formance are generally not available for validating them; indeed if a more ulti-

mate measure were available, ratings probably would not be employed in the first
place. It is necessary, therefore, either simply to accept the ratings as valid
or to seck some indirect indication of their validity. One such indication often

employed is the reliability of the ratings as shown by the amount of agreement

among sccres assigned the same ratees by different raters. Another is the predic-

tability of the ratings, or the extent to which they correlate with measures to

which they should be related, according to logic or the results of previous

research,

The hypothesis tested here is that jnter-rater agreement and predictabij.ty
may be incompatible indications of validity. More specifically, it is hypothe~-
sized that high inter rater agreement is not necessarily indicative of predicta-

bility and that disagreement among raters, on the other hand, may be associated

with predictability and possibly validity.



METHOD

A ssmpie of 100 submariners was divided into four equal groups according to
the degree to whicih the ratings assigned them by four superiors were in agreement;
thus four different levels of inter-rater agreement were obtained, Correlational
analyses were then performed within each group to determine the relative predic-
tability of the ratings from scores on two aptitude tests and from final class

standing at the Submarine School, New London,

The Ratjng Scale. Assessments of the qualifications of candidates for
the Submarine School are routinely made by psychiatrists on the staff
of the U.S, Navy Medical Research Laboratory. The rating scale em-
ployed in this study was originally designed for the purpose of gath-
ering ratings to determine the validity of these assessments for sub-
sequent performance abnard submarines,

Since the rating scale and its development have been described
fully in other reports (4, 5, 6), only a brief description will be
given here. A general trait scale was developed containing 10 traits
considered to pertain to the technical aspects of a man's job and 10
considered to pertain to the personal adjustment aspects, The format
of the scale, an example of which is given on the following page, was
designed so that the rater assigned scores to all the men he was
rating on one trait at a time, He assigned the ratings on a scale
of 25 hypothetical submariners of the same rate and pay grade as the
men being rated, Each rater assigned his ratings independently,

For most of the analyses reported here, only the means of the
ratings assigned each ratee by each of his three raters on the ten
technical competence traits were employed,

a ., 171 men aboard 21 different submarines of the Pacific
Fleet were rated by three of their superiors, either by two Officers
snd a Chief Petty Officer (TPO) or one Cilicer and two CPOs, The
raters on each boat were selected on the basis of their professed
knowledge of the men to be rated,

In an attempt to control the length of time the raters had
known the ratees, those men who had been aboard their boats for a
period of at least ten months were selected from this total sample
for the investigation reported here. Since there were 97 such men,
an additional three men were randomly selected from the group that
had been aboard for nine months and addea to the sample to make it
an even 100 ratees.

The differences botween the means of the ten technical compe-
tence trait ratings assigned each ratee by the three men rating
him and the mean of those three means were squared and added to-
gether, yielding what was called an "agreement” score for each
ratee, That is, a ratee's agreement score indicated the extent to
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which his three raters agreed in their ratings of hia, The distribution
of Lhete scores was divided at the 25th, 50th, and 75th ceatiles to
yield four groups of 25 ratees each, Hereafter these experimental sam-
nles will be called the High Agreement (HA) , Moderate Agreement (MA),
Moderate Disagreement (WD), and High Disagreewent (KD) groups.

m 0 ter-Rater Aqr nt. The means of the three ratings
assigned 1o each ratee were used in the correlational analyses performed
to test the hypothesis and, thus, were regarded as the ratees' "true”
scores. The deviations of the three ratings assigned a man about his
"irue” score were then regarded as error, To estimate inter-rater
agreement, these deviations were squared, summed and treated as the
error veriance term in the basic equation for the coefficient of relia-
bility (2), The variance of the mean ratings or "irme" scores was used
as the total variance term in the equation, The inter-rater agr eement

estimates obtained in this manner are given in Table 1,

Table {

ESTIMATES CF INTER-RATER AGREEMENT
FCR THE FOUR EXPERIMENTAL SAMPLES

Sample Ty
High Agreement .94
Moderate Agreement .84
Moderate Disagreement .69
High Disagreement .00

Because of the way the samples were selected, the inter-rater agree-
ment estimates for the two agreement samples were higher than the esti-
mates for the disagreement samples., The important thing to note is that
statistics such as are shown in Table I are often presented to indicate
the relative acceptability of obtained ratings as criterion measures
and that the ratings showing the higher inter-rater agreement estimates
would probably be preferred by most researchers conducting vaildation

studies.

The Criteria. Threce measures were used to compare the predictability

of the ratings assigned to the men in the four samples: the Navy General
Classification Test (GCT), the Navy Mechanical Aptitude Test (MECH) , and
Submarine School Class Standing (SSS). Previous research has shown that
these varizhles are significantly related to performance aboard submarines
as measured by ratings, check lists, and job sample performance tests (7).
Submarine School Class Standing, which is based on a composite of written
achi evement test scores and instructor ratings and has an estimated reli-
ability of .90, was found to correlate higher with scores on the ship-
board criteria than any of a variety of predictor variables studied, It
was selected from the measures available for this study, therefore, as
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the varisble most 'ikely to be related to the ultimate criterion and ss
probably the best indicator of the validity as well as the predictebility

of the ratings,

Table 2 shows the means and standard deviations of the scores of the
men in the four samples on the three predictor variables. Only the
difference between the variances of the scores of the HA and HD ssmples
on the MECH was significantly different from zero. Because of the num-
ber of tests made, one such result was expecied by chance alone; there-
fore, the samples were considered to have been obtained from the same
population with respect to these variables.

Table 2

MEANS AND STANDARD DEVIATIGONS CF SCRES ON
THE PREDICTOR VARIABLES ¥OR THE FOLR SAMPLES

SSS GCT RECH
Sampie N I a n a M g
High Agreement 25 53.80 29.35 58.84 6.77 60.56 11.12
Moderate Agreement 25 45.52 32.20 59.62* 6.70 57,08 8.67
Moderate Disagreemeat 25 48.64 30.81 61.56 6.90 58,16 9.75
High Disagreement 25 52,68 27.30 58.80 6.48 59,52 6.48
* N=24

th of Time on Board. Table 3 shows that the four samples were also
homogeneous with respect to the amount of time the ratees in each group
had spent aboard the submarine cn which they were rated,

Table 3

MEANS AND STANDARD DEVIATIONS OF LENGTHS
OF TIME SPENT ON BOARD FCR THE FOUR SAWPLES

Monihs
Sample N g
High Agreement 12.64 2.33
Moderate Agreement 13.16 2,19
Moderate Disagreement 12,68 2.3
High Disagreement 13,32 2.84



(3 tfcn of the Rat AS ned. Table 4 shows the meaas and stan-

dard devistions of the ratings assigned the men in the four experimental
samples. None of the differences between means or variances was signifi-
cantly different from zero, although there was a tendency for the ratings

of the HD group to be slightly less variable.
Table 4

MEANS AND STANDARD DEVIATIONS OF THE
RATINGS ASSIGNED THE FOUR SAWPLES

Sample N M of
High Agreement 25 16,00 3.69
Moderate Agreement 25 13.54 4,70

Moderat Disagreement 25 14,65 4.03

High [isagreement 25 14,97 3.28

orr jonal An s, Scores on the Navy GCT and MECH aptitude tests
and Submarine School Class Standing were correlated with the mean of the
ratings assigned each ratee by the three superior officers who rated him,
Separate analyses were performed for each of the four experimental
groups. The score actually used for Submarine School Class Standing

was the proportion of men in his class the ratee exceeded; thus a man
who was first in his class received a score of 1,00 while a man who

was last had a score of .00, Pearson product-moment coefficients were

computed.



RESULTS

Le e Pre he Rat

The results of the correlational anzlyses are shown in Table 5.

Table 5

CORRELATIONS EETWEEN SCOBES ON THE PREDICTOR VAR IABLES AND
RATINGS OF THE MEN IN THE FOUR EXPER INENTAL SAMPLES

Sgmple Irr 555 6CT KECH N
High Agreement .94 .05 -.23 -, 07 25
koderate Agreement .84 « 29 -.14 .02 25
koderate Disagreement .69 .61** .43 .42* 25
High Disagreement .00 .43 A7 .18 25

* significant at the .05 level
»¢ gignificant at the .01 level

The trend was the same for all three predictor variables. As the inter-rater

ment estimates decreased from the HA to the D sample, the correlations between

Even for the sample for which the inter-

agree

the predictors and the ratings increased.

rater agreement estimate was .00, the correlation between Submarine School Class

Standing and the ratings was significantly different from zero (.05 level).

Figure 1 shows more clearly that the relationship between predictability and

inter-rater agreement may be curvilinear. Predictability -- as indicated by the

correlations between 555, GCT, and MECH scores and the mean rating assigned each

ter-rater agreement increased to about .70. At that point,

man -— increased as in

the correlations dropped very rapidly to insignificant values.

ointed out that there were no data points between inter-rater

It should be p

agreement estimates of .00 and .69. It enpears conceivable from the slope of the

curves between the estimates of .69 and .94 that the correlations might have been

- -



Correlation between Predictor and Rating

ever higher for inter-rater

Figure 1

CORRELAT IO BETWCEN SCORES ON SSS, GCT, ANU WCCH
AND KCAN TECHNICAL CONPETENCE RATING
AS A FUNCTION OF INTER-RATER AGREENENT

.20
SS5S
GCT ™
bLCH 73
.60
1>
.40
.20
Jt -
© 1.00
®
= ?-ﬂ
\-\.
Inter-Rater Agreement
~e 40 i
-

agrecment estimates between .40 and .0U.

r



n similar analysis wss performed using thc mean of the ratings oa the ten

personal udjustment traits. The results of *his analysis are shown in Table 6.

The iater-rater ajrcement estimate for the as group was slightly higher than

that for the HA sample. The absolute magniiude of the sum of the squared devia-

tions of the three ratings assigned a man about his mean rating (or "true” gcore)

was greater for the ®A than for the HA sample, However, the variance of the mean

ratings of the WA group was also greater which accounts for the higher inter-rater

agreement estimaie.
Table 6

CORRELATIUNS BETWLEN THE PKEDICTOR VAR IAELES AND
PERSONAL auJUSTMENT KaTINGS FOR THE FOUR SANPLES

Seaple K tre $55 6CT WECH
.ligh sgreement 25 .86 .05 .02 16
Moderste Agreement 25 .90 .25 -, 27 .0l
hoderate Disagrecment 25 .61 .08 -.12 .21
25 .12 .65 .44° .06

High Disagreement

* significant at the .05 level
ss significant at the .0l level

Only twc of the correlations were significantly different from zero (.05 level)

and both were in the sample for which the inter-rater agreement estimate was lowest

(,12). There was no apparent tendency, comparabie to that found with the technical

cor ‘etence ratings, for predictability to increase as inter-rater agreement decreased

from the two agreement groups to the MD group. Figure 2, on ihe following. puie,

shov's these sarme resulid in graphic form,

- 10 -



Figure 2

CORRELATION BETWEEN SCOKES ON S35, GCT, AND MECH

AND KEAN PERSONAL ADJUSTMENT BATING AS A FUWCTION OF INTER-RATER AGRIIMENT
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n i 1) Po e rce Pre e nce

additional analyses were performed in anm effort to iocats the source of the

predictable variance in the ratings for which the inter-ryter agreement estimates

were low, i.e., the MD and HD groups. Only the ratings on the ten technical com-

petence traits were used in these analyses.

First it was hypothesized that the more extreme rating with respect to the

mean of the three assigned a ratee was contributing more predictable variance than

the other two. The hypothesis ras based on the idea that a more deviant rating

might possibly indicate better observations of ratee behavior. The procedure em-

ployed in testing the hypothesis was as follows: the ratings essigned the 50 ratecs

in the combined MD and HD samples were plotted vn a large chart. Inspection showed

that all three raters disagreed in their evaluat ions of some zen. In the case of

others, two of the rateis were in substantial agreemeni ard only the third disagrecd.

The 25 ratees (half of the combined sample) for whom this latter pattern was most

pronounced were selected for study. Scores on the predictor variables were then

correlated both with the extreme rating assigned each of these 25 men and with the

mean of the other two ratings given them, The results are shown in Table 7.

Table 7

CORRELATIONS BETWEEN SCORES ON THE PREDICTOR VAR IAGLES
AND THE ONE DISAGREE RATING ANG THE MEAN OF THE TWO AGREE RATINGS

Ratings Number of Rgtees SSS GCT MECH
One Disagree 25 .50* .56%* .50*
Two Agree 25 .35 .30 .41*

¢ significant at the .05 level
*¢ gignificant at the .0l level

ratings assigned by the two raters who were in close agreement

(1t

The means of the

were less predictable than the ratings assigned by the rater who disagreed,

- 12 -




should be pointed out that the means and variances of these two samples of ratings

were not significantly different.)
The same sort of anglysis was performed using the eatire combined WD and HJ

samples. In this case, of course, the agreement between the “two agree” raters was

not as great, and in some cases the rating of the one "disagree’ rater was not much

farther removed from the mean of the three ratings than the rating given by ome of

the "two agree"” raters, As shown in Table 8, the two sets of ratings were almost

equally predictable from 5S5S. However, scores on the GCT and KECH variables corre-

lated significantly (,05 level) with the more deviant rating and not with the mean
of the ratings assigned by the two raters who were in closer agreement in their
eveluations.
Table 8
CORRELATIONS BETVEEN SCGRES ON THE PREODICTOR VAR LABLES

Al THE ONE DISAGREE AND THE MEAN OF THE TWO AGREE RATINGS
(for the WD and HD samples combined)

Ratings Number Ratee 995 GCT NECH
One Disagree 50 430 . 30* .29¢
50 .44°%* .19 .25

Two Agree

® significant at the .05 level
*¢ significant at the .0l level

There was a slight but statistically insignificant tendency for the raters who
assigned the more deviant ratings to be Chief Petty Officer rather than Ufficer

raters. Correlational analyses indicated that the ratings assigned by these en=

listed raters were also more predictable from scores on the two aptitude tests than

were the ratings assigned by officers. However, as can be seen in Table 9, the two

correlations with Submarine School Class standing were equal.

- 1% -



Table 9

CORRELATJUNS BCTWEEN SCORES ON THE PREDICTOR VAR IAELES
AND THE UISAGREE RATINGS ASSIGNED BY OFFICER AND ENLISTED CPO RATERS

(for the MO and HD samples combined)

Gaters Number of Raters 999 GCT
CPOs 28 ,42¢ .41°® .44°
Officers 22 .42* .0l -, 21

* significant at the .05 level

o Tl &



DISCUSLION

ibe results indicate that high inter-rater agreement does not necessarily

imply predictability in ratings. ithether or not the results can be interpreted

to mean that inter-rater agreement is not necessarily a good index of the validity

of ratings depends on whether or not one is willing to accept the assusiption that

the predictor variables employed in the study are positively related to the ulti-

mate criterion of the performance that was rated. Even if that assumption cannot

be msde, the results indicate that at least in some instances inter-rater agreement
and predictability would yielA incompatible indications of the validity of ratings.
Sulmarine School Class Standing has been shown to be more highly related to

various criteria of shipboard performance than any of a variety of predictor vari-

ables studied (7). Thus, the assumption with respect to the relationships between
the predictor variabies used in this study and the ultimate criterion of perfor-

mance 3board submarines is probably more tenable for the SSS variable. It is inter-

esting to note in the light of this that it was also the variable that showed the

most significant positive relationships with the ratings for which the inter-rater

agreemert estimates were lew.

The explanation ci the results proposed here is based first on the assumpticn
that ratee behavior in most performance rating situations is not entirely comnsistent
from one time to the mext with respect to particular traits, prirsarily because no
effort is made to control the physical and psychological environment during the
period the ratings are designed to cover. To be valid, then, ratings must reflect
these inconsistencies.

On the other hand, even if ratees behaved entirely consistently, ratings of

the would not necessarily be in agreement since raters usc different criteria in

rating on the same trait (3). The second assumption, then, is that these criteria

employed by different raters are all valid and the differences in ratings reflected

- 15 =



by them are also valid, This second assumption implies that part of achieving the

ultimate in performeace is satisfying the demsads of varjous superiors by behaving

in different ways,
On this basis, high agreement among ratings couid imply a poor sempling of

observations of ratee behsvior by raters, a poor ssmpling of raters in terms of

the criteria they use to evaluate particular traits, or both: whereas disagreement

among the ratings assigned to the same wen by different raters could indicate that

a more representative sample of observations snd raters was obtained. This is com-

trary to the usuel .. jonale for he presence or sbience of rater sgreement,

It is obvious on the basis of these two assumptions that high inter-rater

sgreement could also indicate validity, If a ratee knew the criteria his superiors

were going to employ in rating him, for example, he could ~- assuming he had suffi-

cient ccatrol of his behavior regardless of the environmental situstion —- behave

so as to satisfy them, It is assumed, however, that the majority of men are not

entirely awsre of the nature of .uheir superiors® criteria, and even if they were,

they neith:t have sdequzie controi over their behavior in all sitnations nor are

obsequious enough to attempt to satisfy all of their superiors' demands,

In susmerizing the bases of unreliability in ratings, Ghiselli and Brown say,

"rhe indication is that raters disagree primurily because they observe the indi-

viduals to be rated in different situations and under different conditions, and

because they use different criteria for judging the same trait or characteristic,”

(Note that the two factors which they say contribute to » lack of sgreement in

rutings are assumed in the explanation given here to contribute to their validity,

as long as they are accurately reflected in the ratings.) They continue by saying,

"It follows from this evidence that reliabllity of ratings csn be considerably

increased by having the raters observe the individuals umder similer conditiens,

-16H -



sad by providisg techaiques for ssking the ratings that will famcrease the likeli-

hood that the traits or characteristics being judged wil]l be evaluated on the same

basis.” (1)
While it is probably true that having raters observe ratees under similar com-

ditions would increase inter-rater agreemeat, it might also serve to decregse val-
itity for the ultimate criterion by failing to take into accouat all of those on-
the-job situations in which individuals perform and the interaction between ratees
and situations,

Certain members of a work group might react favorably in one situation and
unfavorably in another. Certainly with the variety of situations individuals face

from day to day regardless of their occupations, they could not be expected to

react favorably in all of them. Submariners, for example, live in a threatening

environment faced with an infinite number of unique sitvations, Officers and CPOs
cannot observe their men under similar conditions simply because of the physical
layout of a submarine and because of the diverse jobs individeals in the same garg
perform. To develop a method whereby the ratees could be observed under similar
conditions, even if it were possible, would probably imply the exclusion of critical
situations in which a man's behavior would have potentially the greatest significance
as far as his contribution to the effectiveness of the boa> is concerned.

Increasing inter-rater agreement by having raters observe ratees under similar

conditions might, therefore, defeat the more important purpose of obtaining valid

ratings. The results reported here appear to support this reasoning.

It is not being suggested that high inter-rater agreement always implies a lack
of predictability. Cssentially nonme of the variance in the high agreemeat ratings

and only a porticn of the variance in the low agreement ratings was predictable from

scores on the three variables used in this study. It is conceivable that both of

these sources of variation could be predicted from other types of measures.



COCLLS ILID

Since more ult ‘mate criteria of performance are seldom available for determining

the validity of performance ratings, some indirect indication of their validity is

often employed. OUne such indication is the agreement among the ratings assigned to

the same men by different raters. Another is the predictability of the ratings from

measures to which they should be related, according to logic or the results of pre-

vious research.
It is concluded on the basis of the study reported here that these two indica-

tions are not necessarily compatible, Inter-rater agreement may not be a good index

of predictability. Ratings for which the inter-rater agreement estimate is low may

pe more predictable than ratings for which that estimate is high.
Additional studies should be performed to determine whether or not these results

represent a chance occurrence, If they do not, further studies would indicate the

circumstances under which comparable results may be obtained.

- 1B -



REFERENWCTS

Personnel gnd Industrigl Psychology. New

Ghiselli, Z. £, and Crown, C. %,
York: kLcGraw-Hill, 1943, p. 90.
nd cduci.tjon. 2nd ed.

Guilford, J. F. t tjics in rsych
New York: amcGraw-Hill, 1950, p. 476.

Guiiford, J. P. Psychopetric Methods. 2nd ed. New York: kcGraw-Hill, 1954,
p. 295.
u ine Personnel Selection echnical Report No. Several

nd Their Effect on the Religbility and

kanagement and karketing Kesearch

Mackie, R. R.
reatments of Inter-Group Differences

Predictability of Ratings. Los Angeles:
Corporation, 1954, Nonr 1113(00).

kackie, B. R., Clegg, L. A. and Euckner, . N. Submarine Persomnel Selection,
Technicgl Report No, 2, Validation gnd Revision of the U, 5, Medicgl Resegrch
Laboratcry Fersongl History Form. Los Angeles: kanagement and karketing

Research Corporation, 1954, Nonr 1113(00).

Mackie, R. K., Strayer, F. K. and Guckner, D, N. Submgrine Personnel Selection,
Technical Leport No. 1, Vglidation of the U, S, Nedical Eesegrch Laborgtory
Personnel Assessments. Los Angeles: kanagement and Karketing Kesearch Corpo-
ration, 1954, Nonr 1113(00).

Mackie, R, R., Wilson, C. L. and Buckner, D. N. Research on the Development
of Shipbogrd Performgnce hegsures. Part V: Interrelationships between Aptitude
Test Scores, Ferformance in Submarine School, gnd Subsequent Performgnce in
Submgyines as Determined by liatings gnd Tests. Los Angeles, kanagement and

marketing Research Corporation, NS onr 70001 and lonr 1241(00), 1954.

- 19 &



